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(57) ABSTRACT 
The present invention relates to a non-evertable blood ?lter 
that divides the transverse cross sectional area of a venous 

vessel into three annular regions or Zones. The inner Zone, 
the region immediately surrounding the longitudinal axis of 
the vessel, is maintained in a relatively open state With only 
minimal interference from the members making up the ?lter 
device so that blood How can be maintained at a relatively 
normal rate. Concentrically surrounding the inner Zone is the 
intermediate Zone, to Which captured emboli are directed out 
of the bloodstream passing primarily through the inner Zone. 
Finally, concentrically surrounding the intermediate Zone is 
the outer Zone adjacent to the vessel Wall. This is also 
intended to be kept free of emboli, so that emboli in the 
bloodstream immediately adjacent the vessel Wall are 
directed aWay from the Wall by the ?lter design and into the 
intermediate Zone, thereby avoiding the accumulation of 
emboli adjacent the vessel Wall that might otherwise result 
in stenosis. The blood ?lter is intended primarily for use as 
an inferior vena cava ?lter, although it can be made in a 

(51) Int, Cl, range of siZes alloWing its use in blood vessels and particu 
A61M 29/00 (200601) larly venous vessels of differing diameters. The ?lter is 

(52) U.S. Cl. ............................................................ .. 606/200 preferably removable. 
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FIG. 4% 
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FIG. 7B 
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FIG. 8B 
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REMOVABLE BLOOD CONDUIT FILTER 

FIELD OF THE INVENTION 

[0001] This application relates to a blood conduit ?lter for 
capturing blood clots Within a blood vessel, particularly 
Within a venous vessel and still more particularly Within the 
inferior vena cava. 

BACKGROUND OF THE INVENTION 

[0002] The migration of blood clot from the peripheral 
vasculature to the pulmonary arteries and lungs is knoWn as 
pulmonary embolism. Typically, these clots originate in the 
loWer limbs and migrate toWard the heart and lungs. These 
clots can result from a variety of conditions such as trauma 
or deep vein thrombosis. If a clot is of suf?cient siZe, it can 
occlude the pulmonary arteries and interfere With blood 
oxygenation in the lungs. This occlusion can result in shock 
or death. Individuals Who experience a pulmonary embolism 
have a high likelihood of experiencing subsequent embolic 
events. 

[0003] In these cases, blood thinning medications, e.g., 
anticoagulants such as heparin and Warfarin sodium, or 
antiplatelet drugs such as aspirin, are given to the patient to 
prevent another embolic event. The utility of these medical 
therapies is limited because they may not be able to be 
administered to patients folloWing surgery or stroke or for 
those patients presenting With a high risk of internal bleed 
ing. Additionally, these medications are not alWays effective 
at preventing recurrent embolic events. 

[0004] Therefore, surgical methods Were developed in an 
effort to reduce the likelihood of pulmonary embolism 
recurrence by physically blocking the blood clot from 
migrating to the pulmonary artery and lungs. Since the 
inferior vena cava transports blood from the loWer limbs to 
the heart, this vessel Was a common site of surgical inter 
vention. One method of treatment involved reducing the siZe 
of the inferior vena cava by application of ligatures or clips 
around the vessel. This prevented the migration of large clots 
from the loWer vasculature to the heart. HoWever, this 
required an extensive open surgical procedure With associ 
ated abdominal incision and general anesthesia. The effects 
of the surgical procedure coupled With lengthy recovery 
times led to complications such as vessel thrombosis and 
loWer extremity sWelling; thereby aggravating the condition 
of the patient. 

[0005] To avoid this invasive surgical approach, less inva 
sive catheter-based approaches have been developed. These 
involve the placement of ?lter devices in the inferior vena 
cava. These ?lters are inserted under local anesthesia 
through the femoral vein in the patient’s leg, the right 
jugular vein in the patient’s neck or the subclavian vein in 
the patient’s arm. Using standard catheter techniques, the 
?lters are then advanced intravascularly to the inferior vena 
cava Where they are deployed and expanded against the 
vessel Wall. These ?lters interrupt the migration of blood 
clots from the loWer extremities to the heart and lungs. Once 
trapped in the ?lter, How of blood around the clot helps to 
dissolve the embolic load in the device. 

[0006] Previous ?lters take various forms. One type of 
?lter is comprised of coiled or looped Wires such as dis 
closed in US. Pat. Nos. 5,893,869 and 6,059,825. Another 
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type of ?lter consists of legs With free ends having anchors 
for embedding and stabiliZing in the vessel Wall. Examples 
of these ?lters are disclosed in US. Pat. Nos. 4,688,553; 
4,781,173; 4,832,055; 5,059,205; 5,984,947 and 6,007,558. 
Finally, ?lters that incorporate a means for removal are 
disclosed in US. Pat. Nos. 5,893,869; 5,984,947 and 6,783, 
538. US. Pat. No. 6,635,070 describes a temporary ?lter 
device that is removed by everting a portion of the ?lter 
structure to alloW it to be WithdraWn into a catheter device. 

[0007] Several factors need to be considered in designing 
?lters for use in the venous system. To prevent migration to 
the heart, the ?lter must be securely anchored to the adjacent 
vessel Wall. HoWever, ?lter anchoring must be accomplished 
in an atraumatic fashion so as to avoid vessel Wall damage 
and perforation of the neighboring descending aorta and 
boWel. The area of contact With the vessel Wall should be 
minimiZed in order to avoid vessel Wall hypertrophy and 
caval stenosis. In addition, the ?lter must be capable of 
collapsing to an acceptable delivery pro?le to alloW atrau 
matic intravascular delivery to the inferior vena cava. Addi 
tionally, the ?lter should direct blood clots aWay from the 
vessel Wall to avoid vena cava thrombosis. Finally, it is 
preferred that such a ?lter device be removable from the 
implant site. 

[0008] Three key shortcomings of current vena cava ?lter 
designs include: (1) inability or di?iculty of ?lter removal, 
(2) non-optimal ?oW characteristics resulting in How stasis, 
?oW stagnation and ?lter occlusion and (3) caval stenosis. 
From a clinical perspective, there are many instances in 
Which it Would be desirable to place a venous ?lter in a 
patient on a prophylactic basis and then remove the ?lter 
When it is no longer required, eg young trauma patients, 
obese patients, or neurosurgical patients. In addition, current 
venous ?lters do not exhibit an optimiZed ?oW pattern in the 
presence of clot. It Would be advantageous to develop a ?lter 
that distributes captured clot in such a Way as to minimiZe 
signi?cant central (mid-line, or about the longitudinal axis 
of the vessel) ?oW disturbances and avoid clot contacting the 
vessel Wall. Finally, the hypertrophic tissue response in the 
regions of the vessel Wall contacted by the ?lter device not 
only inhibits ?lter removal but also causes stenosis of the 
vena cava. This vessel stenosis can lead to thrombosis of the 
vena cava. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to a blood conduit 
?lter (preferably a vena cava ?lter) that divides the trans 
verse cross sectional area of a blood vessel (such as the 
inferior vena cava) into three annular regions or Zones. The 
inner Zone, the region immediately surrounding the longi 
tudinal axis of the vessel, is maintained in a relatively open 
state With only minimal interference from the members 
making up the inner ?lter element (a clot de?ector assembly) 
so that blood How about the longitudinal axis (mid-line) of 
the vessel can be maintained substantially uninterrupted. 
Concentrically surrounding the inner Zone is the intermedi 
ate Zone, to Which captured emboli are directed out of the 
bloodstream passing primarily through the inner Zone. 
Finally, concentrically surrounding the intermediate Zone is 
the outer Zone adjacent to the vessel Wall. This outer Zone is 
intended to be maintained as a high ?oW region Which is 
kept free of emboli. Emboli in the bloodstream immediately 
adjacent the vessel Wall are directed aWay from the Wall by 
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the ?lter design and into the intermediate Zone, thereby 
avoiding the accumulation of emboli adjacent the vessel 
Wall that might otherwise lead to stenosis or stricture of the 
vessel. 

[0010] The blood ?lter is intended primarily for use as a 
vena cava ?lter, although it can be made in a range of siZes 
alloWing its use in vessels of various diameters. The ?lter is 
also preferably made to be removable With the use of ?exible 
anchoring hooks. 

[0011] The blood ?lter comprises multiple strut elements 
that extend outWardly and rearWardly from a center located 
along the longitudinal axis of the device. Preferably, some or 
all of the strut elements include an outWardly-directed 
?exible anchoring hook located some distance from the 
rearWard end of the strut component. 

[0012] Additionally, the device also includes a clot 
diverter component that includes multiple strut elements that 
also emanate from the device center. These diverter strut 
elements alternate radially around the device With the ?lter 
strut elements. They also extend outWardly and rearWardly 
from the center, but after reaching about half of the overall 
device maximum diameter, they turn back toWard the lon 
gitudinal center line of the device and again converge at this 
longitudinal axis some distance rearWard of the center from 
Which they began. The clot diverter constructed in this 
fashion has elements spaced closely enough together to 
move clots outWard from the longitudinal axis of the blood 
vessel and thus maintain this inner Zone portion of the vessel 
open to blood ?oW. 

[0013] The ?lter of the present invention is preferably 
made from a superelastic, highly ?exible material such as 
nitinol. This material alloWs for strong and ?exible struts 
and results in a device that may be easily compacted to a 
small diameter for insertion into a tubular delivery device 
such as a catheter tube. The ?lter device may be loaded into 
one end of a delivery catheter in either direction, depending 
on Whether it is delivered distally or proximally to the 
implant site. When delivered to a desired site in the vascu 
lature, the ?lter device is easily deployed by simply pushing 
it out of the end of the delivery catheter and alloWing it to 
self-expand. It may be inserted into the vasculature at 
several different locations (e.g., a femoral vein, the right 
jugular vein or the subciavian vein). 

[0014] The use of nitinol for the manufacture of the device 
alloWs for the device to be readily compacted for WithdraWal 
from the vasculature into a retrieval catheter. The design of 
the struts results in a strong and non-evertable design, 
meaning that during retrieval the device is not everted back 
into itself but instead is collapsed diametrically and With 
draWn into a catheter in the direction of the ?lter center 
component (i.e., in a proximal direction for a ?lter implanted 
in the venous system). 

[0015] The ?lter device is most preferably made by cutting 
lengths of nitinol tubing, for example, by laser cutting. 
Devices constructed from a single nitinol tube, multiple 
tubes or combinations of tubes and Wires might be used to 
implement the invention. Various other materials, alone or in 
combination including in combination With nitinol, may be 
used to construct these ?lter devices. These other materials 
may include, Without limitation, various stainless steels and 
various polymeric materials including shape memory poly 
mers. 
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[0016] Aretrieval tool useful for retrieving the ?lter is also 
described; this tool can also be used for the retrieval or 
transport of various other devices. The design of the tool also 
alloWs it to be used as a temporary in vivo ?lter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic representation of a transverse 
vieW of a blood conduit indicating the three annular Zones 
that blood ?oW is divided into by the blood ?lter of the 
present invention. 

[0018] FIG. 2 is a side cross sectional vieW of the blood 
?lter in use in a blood conduit. 

[0019] FIG. 3 is a perspective vieW of the blood ?lter of 
the present invention. 

[0020] FIG. 4 is a perspective vieW of a longitudinal cross 
section of the blood ?lter of the present invention. 

[0021] FIG. 5 is a side vieW of the longitudinal cross 
section of the blood ?lter of the present invention. 

[0022] FIG. 6 is an end vieW of the blood ?lter of the 
present invention. 

[0023] FIGS. 7A and 7B describe a snare type retrieval 
tool intended to alloW removal of the blood ?lter. 

[0024] FIGS. 8A and 8B shoW the use of the snare type 
retrieval tool as a temporary blood ?lter. 

[0025] FIGS. 9A-9C shoW the use of the snare type 
retrieval tool to remove an implanted blood ?lter. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic representation of a transverse 
vieW of a blood conduit 10 indicating the three annular Zones 
14, 15 and 16 that blood ?oW is divided into by the blood 
?lter of the present invention. These are referred to respec 
tively as the inner, intermediate and outer Zones. 

[0027] FIG. 2 is a side cross sectional vieW of the blood 
?lter 20 in use in a blood conduit 10. Filter 20 When 
implanted into a blood vessel 10 shares a common longitu 
dinal axis 13 With the blood vessel 10. The ?lter 20 com 
prises multiple ?lter struts or ?lter elements 22 that emanate 
from the ?lter center 26. The ?lter struts 22 are made of 
Wire-like materials, meaning that they are of small cross 
section in comparison to their substantially greater lengths. 
This small cross-section may be round, elliptical, square, 
rectangular or otherWise as desired. For de?nition purposes, 
consistent With the use of the ?lter 20 in a venous application 
such as an inferior vena cava, ?lter center 26 is located at the 
proximal end 30 of the ?lter device 20, While the opposite 
end of the ?lter struts or ?lter elements 22 that emanate from 
the ?lter center 26 terminate at the distal end 32 of the ?lter 
20. 

[0028] Filter 20 further includes multiple clot de?ector 
struts or elements 24 that also emanate from ?lter center 26. 
These clot de?ector struts 24 alternate radially about the 
circumference of the ?lter device 20 With the ?lter struts 22. 
The clot de?ector struts 24 extend outWard radially only a 
portion of the inside diameter of the blood vessel 10 and then 
return to the ?lter device longitudinal axis 13 as they move 
rearWardly aWay from the ?lter center 26, until these clot 
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de?ector struts 24 again converge at the distal center 28, 
located along the longitudinal axis 13 some distance distally 
from ?lter center 26. 

[0029] Blood ?oW in vessel 10 is indicated by arroWs 11. 
Dimension arroWs 14, 15 and 16 respectively de?ne (as 
noted above for FIG. 1) the inner, intermediate and outer 
Zones. It is seen hoW the combination of the ?lter struts 22 
and clot de?ector struts 24 alloW blood ?oW in the inner 
Zone 14 as the struts 24 of the clot de?ector assembly 25 are 
su?iciently closely spaced to de?ect blood clots of a siZe 
large enough to be of concern outWardly from this inner 
Zone 14. The combined arrangement of clot de?ector struts 
24 and ?lter struts 22 result in accumulation of clot in 
intermediate Zone 15, represented by toroidal shape 15 in 
FIG. 2. Filter struts 22 outside of the inner Zone 14, in the 
region of the intermediate Zone 15, are adequately close 
together to capture large blood clots as they are pushed in a 
proximal direction by blood ?oW. As these ?lter struts 22 
extend distally and outWardly to contact the luminal surface 
12 of vessel 10, they diverge su?iciently to loose their 
effectiveness as clot ?lters and de?ne outer Zone 16 by 
alloWing blood to ?oW unimpeded through the outer Zone 
16. 

[0030] Blood ?lter 20 is preferably anchored to the Wall of 
vessel 10 by ?exible anchoring hooks 29 as Will be further 
described. These ?exible anchoring hooks 29 are preferably 
located at some distance proximal to the distal end the ?lter 
strut 22 to Which they are attached. 

[0031] FIG. 3 is a perspective vieW of blood ?lter 20, 
While FIG. 4 is a longitudinal cross section of the perspec 
tive vieW of FIG. 3. These vieWs describe a ?lter having six 
?lter struts 22 alternating with six clot de?ector struts 24. 
Flexible anchoring hooks 29 are shoWn in the preferred 
location some distance proximal to the distal end 32 of ?lter 
struts 22. It is apparent that a variety of ?lter anchoring hook 
arrangements are possible. Each ?lter strut 22 may be 
provided With one hook 29 as shoWn, or alternatively a pair 
of hooks 29 With one located on each side of ?lter strut 22. 
In another alternative, hooks 29 may be provided only on 
alternate ?lter struts 22, so that only three hooks 29 are 
provided for a ?lter 20 having six ?lter struts 22. In another 
alternative, When each ?lter strut 22 is provided With a pair 
of hooks 29, the pair of hooks 29 is located at a different 
distance from the distal end 32 than is the pair of hooks 29 
of the adjacent ?lter struts 22. This alloWs the pairs of hooks 
29 on adjacent ?lter struts 22 to be offset axially from each 
other and aids in alloWing for a minimal ?lter diameter When 
the device is in a compacted state Within a delivery catheter. 

[0032] Hooks 29 are preferably located some distance 
proximal of the distal end 32 of ?lter struts 22. The base of 
a hook 29 may be located, for example, at a distance from 
distal end of about 1 mm, 1.5 mm, 2 mm, 2.5 mm, 3 mm, 
3.5 mm, 4 mm, 4.5 mm, 5 mm, 5.5 mm, 6 mm, 6.5 mm, 7 
mm, 7.5 mm, 8 mm, 8.5 mm, 9 mm, 9.5 mm, 10 mm or 
greater. Not having the hook 29 located at the distal end 32 
of a ?lter strut 22 avoids excessive penetration of hooks 29 
into the vessel Wall. Locating the hooks 29 as shoWn 
provides some length of ?lter strut 22 on either side of hook 
29 and thereby provides supporting contact area of strut 22 
on either side of hook 29 that prevents excessive penetration 
of hook 29 Which could interfere With later retrievability of 
?lter 20. This hook position also assures that contact With the 
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vessel Wall is maintained over a Wide range of vessel 
diameters. It is further noted that the distal ends 32 of ?lter 
struts 22 may optionally be ?attened to provide greater 
Width and surface area at distal end 32. LikeWise, the distal 
ends 32 (?attened or not) may be provided With radiopaque 
plating or radiopaque inserts to enhance visualiZation of 
?lter 20 during and folloWing implantation. 

[0033] The longitudinal cross section of the perspective 
vieW of FIG. 4 and the longitudinal cross sectional side vieW 
of FIG. 5 shoW hoW the ?lter device 20 may be made from 
tWo nitinol tubes. The ?lter struts 22 emanate from a 
common length of tubing, the ?lter center 26, here desig 
nated 260 as the outer tubular portion of the ?lter center 26. 
The inner ?lter center 261' is the common point from Which 
the clot de?ector struts 24 emanate. These clot de?ector 
struts 24 re-converge at the distal center 28. It is apparent 
hoW the clot de?ector assembly 25 is made by longitudinally 
cutting through the Wall of a length of tubing at a number of 
evenly spaced intervals that corresponds With the number of 
intended clot de?ector struts 24. The ends of the tubing are 
left uncut to create ?lter center 261' and distal center 28. 
Cutting may be accomplished by various knoWn means 
including laser cutting. A suitable nitinol tubing for clot 
de?ector assembly 25 intended for use With ?lter strut 
assembly 23 described further beloW has an outside diameter 
of about 1.3 mm and a Wall thickness of about 0.2 mm. Six 
lengthWise cuts through the Wall of this tubing provide clot 
de?ector struts 24 of about 0.2 mm Width. Following cutting, 
the individual clot de?ector struts 24 are bent outwardly 
from the position they held in the precursor tube by the 
application of axial compression to the lengthWise cut tube. 

[0034] The ?lter struts 22 may be cut (e.g., laser cut) from 
an outer tube, of Which only one tubular end remains after 
cutting, at ?lter center 260 (Which, as shoWn is an outer tube 
that ?ts tightly and concentrically around one end of the 
inner tube forming the clot de?ector struts at 261'). A pre 
ferred Way of manufacturing this ?lter strut component 
alloWs the making of a pair of ?lter strut assemblies 23, 
Wherein a length of tubing su?iciently long to make tWo 
?lter strut assemblies 23 is used. A suitable nitinol tubing 
(for example) is of 2.2 mm diameter With a 0.35 mm Wall 
thickness. A su?icient length is left at each end of this length 
of tubing to provide a ?lter center 260 at each end. The 
length betWeen these tWo ends is then cut longitudinally 
through the Wall of the tubing at (for example) six evenly 
spaced intervals (i.e., at 60 degree intervals around the 
circumference of the tube for six ?lter struts; using the 
tubing described above cut into six struts results in a strut 
Width of about 0.45 mm). When these longitudinal cuts are 
complete, the lengthWise cut tubing is cut in half trans 
versely at the mid-point of the length to provide tWo ?lter 
strut assemblies 23; the transverse cut becomes the distal 
end 32 of each of the tWo resulting ?lter strut assemblies 23. 
FolloWing the transverse cutting step, the individual ?lter 
struts 22 are bent outWardly from the position they held 
previously in the precursor tube to a shape as desired for use 
as the ?lter strut assembly 23 of the blood ?lter 20. One 
method of accomplishing this is to force the transversely cut 
end against the point of a conical form, thereby ?aring the 
struts outWard. 

[0035] FIGS. 3-5 also shoW a preferred method of pro 
viding anchoring hooks 29. As shoWn, the hooks 29 are 
made by cutting through the thickness of a strut 22 at the 
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intended location for hook 29 (region 31). This cut is made 
in the same direction as the previous cuts made through the 
precursor tube Wall to create the ?lter struts 22. The cut is 
begun transversely into the Width of the strut 22 to a 
dimension equal to the desired thickness of hook 29. When 
the cut is su?iciently deep into the Width of strut 22, the cut 
turns 90 degrees and continues parallel to the length of the 
strut 22 for a distance equal to the desired length of hook 29, 
at Which point the cut is complete. The strut 22 is then 
tWisted axially 90 degrees in region 34 so that the cut surface 
of the strut 22 (region 31) faces outWardly as. necessary to 
contact the luminal surface 12 of a vessel Wall. The thin 
segment of material resulting from the cut is then bent 
upWard so that its free end, the point of hook 29, is directed 
outWardly as shoWn to face a vessel Wall. The base of hook 
29 remains integral With the material of ?lter strut 22. The 
resulting hook 29 is ?exible and offers adequate anchoring 
Without substantially interfering With sub sequent removabil 
ity of the ?lter 20. 

[0036] Other angular orientations for hooks 29 (other than 
about 90 degrees to ?lter strut 22) may also prove advan 
tageous. For example, it is possible to fold hook 29 back on 
itself to the extent that it is pointing proximally or at some 
desired angle betWeen a proximal direction and 90 degrees 
to the strut. LikeWise, the hook 29 may be provided to point 
distally if desired. 

[0037] While further shaping of the pointed tip of anchor 
hooks 29 is not required, hooks 29 may be modi?ed to any 
con?guration desired by a variety of knoWn metal forming 
techniques. One such method involves simply cutting the tip 
at any desired angle With cutting pliers to create a sharp 
point at the tip of hook 29. 

[0038] After the ?lter strut assembly 23 and the clot 
de?ector assembly 25 are ?tted concentrically together at the 
?lter center 26, they are permanently joined together to 
create essentially a one-piece ?lter device by a suitable 
method such as by Welding. Welding together of the inner 
261' and outer 260 ?lter center tubes may be accomplished at 
the proximal tip of the ?lter 20 Where the ends of both tubes 
260 and 261' are exposed. 

[0039] The ?lter device is heat treated as necessary fol 
loWing forming steps. The ?lter strut assembly 23 and clot 
de?ector assembly 25 may be separately heat treated prior to 
being Welded together as it is believed that the subsequent 
Welding Will not adversely affect the previous heat treat 
ment. A preferred nitinol heat treatment results in an Af of 
37° C. 

[0040] FIG. 6 is a proximal end vieW (i.e., looking in a 
distal direction) of the blood ?lter 20 that further describes 
the above-mentioned aspects. 

[0041] It is also noted that all surfaces or selected surfaces 
of blood ?lter 20 may be bene?cially provided With coatings 
of various types, including bioabsorbable coatings. Coat 
ings, for example, may alloW for the delivery of various 
drugs to the adjacent tissues. This could aid in minimiZing 
the tissue response and resulting tissue overgroWth of the 
struts. Examples of useful coatings are described in WO 
02/026281 and WO 2004/012783. 

[0042] Coaxial catheters may be used to effect retrieval of 
devices of various types including blood ?lters of the present 
invention, as shoWn by the perspective vieW of the catheter 
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delivery and retrieval system illustrated by FIGS. 7A and 
7B. A funnel-shaped Wire mesh snare 91 is provided a?ixed 
to the distal end of a ?rst catheter 93, Which is delivered to 
the retrieval site by an outer, coaxial catheter 95. Extending 
the inner catheter 93 beyond the distal end of the outer 
catheter 95 alloWs the snare 91 to be deployed, alloWing its 
distal end to self-expand to a larger diameter at Which it may 
be used to capture a device such as blood ?lter 20. With 
draWing inner catheter 93 back into outer catheter 95 forces 
snare 91 back to a smaller diameter, thereby retaining a 
captured device Within snare 91. This snare 91 may also be 
included as a portion of the catheter delivery system 
enabling acute retrieval of a ?lter device 20 if that should be 
desired at a time folloWing deployment of device 20. 

[0043] Snare 91 may be made of a variety of ?lamentary 
materials; superelastic nitinol Wire is preferred for the self 
expanding characteristic desired for best performance of 
snare 91. The snare 91 may be of Woven or braided con 

struction, but may also be made using a ?lament Winding 
method. The ?lament used to make the snare may optionally 
be provided With a coating or covering material over the 
surface of the ?lament (e.g., ePTFE tape helically Wrapped 
over the ?lament surface). LikeWise, snare 91 may also be 
provided With a covering (e.g., ePTFE ?lm) in the fashion of 
a covering over a stent to achieve a stent-graft. 

[0044] Snare devices 91 of this type may be desirably used 
as temporary venous ?lters. FIG. 8A shoWs such a snare 91 
used as a temporary inferior vena cava ?lter With a delivery 
catheter 95 serving as a temporary indWelling catheter. FIG. 
8B shoWs snare devices 91 of this type used as temporary 
?lters in the inominate 101' and subclavian 10scarteries 
during surgery involving the aortic arch 10a. 

[0045] FIG. 9A shoWs a snare device 91 positioned to 
retrieve a removable blood ?lter 20. Catheter 95 is inserted 
into the vasculature via a suitable access point and moved 
into appropriate position to effect the retrieval. Snare 91 is 
extended from catheter 95 until it is positioned about the 
?lter center 26. Catheter 95 is moved distally While catheter 
93 is maintained in position to hold the mouth of snare 91 
about ?lter center 26; distal movement of catheter 95 With 
respect to catheter 93 causes snare 91 to be draWn into 
catheter 95 and results in closing of snare 91 about ?lter 
center 26 as shoWn by FIG. 9B. FIG. 9C shoWs hoW 
continued distal movement of catheter 95 With respect to 
catheter 93 continues further WithdraWal of snare 91 into 
catheter 95 While snare 91 retains its grip on ?lter center 26, 
resulting in ?lter 20 also being diametrically collapsed and 
WithdraWn into catheter 95. When ?lter 20 is fully collapsed 
and WithdraWn into catheter 95, catheter 95 may be With 
draWn from the vasculature along With ?lter 20. 

[0046] While particular embodiments of the present 
invention have been illustrated and described herein, the 
present invention should not be limited to such illustrations 
and descriptions. It should be apparent that changes and 
modi?cations may be incorporated and embodied as part of 
the present invention Within the scope of the folloWing 
claims. 

We claim: 
1. A blood ?lter adapted for deployment in a vessel 

comprising a non-everting ?lter frame having at least three 
annular Zones, an outer Zone de?ned by an outer ?lter 
element, an intermediate Zone adapted for collection of 
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blood clots, and an inner Zone allowing for continuing blood 
?oW through the ?lter substantially uninterrupted by blood 
clots collected in the intermediate Zone. 

2. The blood ?lter according to claim 1 Wherein the outer 
?lter element comprises an essentially conical shape. 

3. The blood ?lter according to claim 1 Wherein the inner 
Zone is de?ned by a ?lter element assembly that is an 
essentially conical shape. 

4. The blood ?lter according to claim 1 Wherein the inner 
Zone is de?ned by a ?lter element assembly having opposing 
ends of substantially smaller diameter than a middle region 
betWeen the opposing ends. 

5. The blood ?lter according to claim 1 Wherein the ?lter 
comprises Wire-like ?lter elements. 

6. The blood ?lter according to claim 1 Wherein the ?lter 
does not occlude blood ?oW therethrough. 

7. The blood ?lter according to claim 1 Wherein at least a 
portion of the ?lter frame comprises nitinol. 

8. The blood ?lter according to claim 1 Wherein the ?lter 
is con?gured for use as a vena cava ?lter. 

9. The blood ?lter according to claim 1 Wherein the ?lter 
consists essentially of a single piece. 

10. The blood ?lter according to claim 1 Wherein the ?lter 
consists essentially of tWo pieces. 

11. The blood ?lter according to claim 1 Wherein the ?lter 
has a smaller compacted diameter for insertion into and 
passage through a ?rst portion of a body conduit and a larger 
expanded diameter for location of the ?lter Within a second 
portion of the body conduit. 

12. The blood ?lter according to claim 1 Wherein the ?lter 
is removable from a body conduit at a time subsequent to 
implantation Within the body conduit. 
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13. A ?lter adapted for deployment in a blood vessel for 
entrapment of blood clots that comprises a non-ever‘ting 
?lter having a center ?oW Zone Wherein blood ?oW through 
the center ?oW Zone is preserved even With accumulation of 
blood clots in the ?lter. 

14. The ?lter according to claim 13 that further includes 
an outer ?oW Zone Wherein blood ?oW through the outer 
?oW Zone is preserved. 

15. A blood ?lter comprising a non-everting ?lter having 
a longitudinal centerline and a blood clot capture Zone 
Within Which blood clots are captured essentially in an 
annular region about the ?lter longitudinal centerline. 

16. A method of forming anchoring hooks in an implant 
able medical device comprising a multiplicity of strut ele 
ments, said method comprising cutting through a thickness 
of at least one strut element and bending material aWay from 
the cut to provide an integral anchoring hook. 

17. Ablood ?lter comprising multiple struts having proxi 
mal and distal ends, Wherein at least one strut incorporates 
a ?exible anchoring hook, said anchoring hook located 
proximal to the distal end of the at least one strut. 

18. A blood ?lter according to claim 17 Wherein said 
anchoring hook is located at least 1 mm proximal to the 
distal end of the at least one strut. 

19. A blood ?lter according to claim 18 Wherein said 
anchoring hook is integral With said at least one strut. 

20. A blood ?lter according to claim 17 Wherein said 
anchoring hook is integral With said at least one strut. 


